INTRODUCTION
Recently Sinha et al. /I/ reported a theoretical model for obtaining the thermal dependence of the static structure factor s(k) for liquids. Then they computed the electrical resistivity and thermoelectric power of monovalent and polyvalent liquid metals as a function of temperature using Ziman's formula /2/.
The model they used for a temperature-dependent static structure factor is written as follows:
T Ck)-l=[aCk)-l]exp[-2W T (k)] (i)
where Sj(k) is the structure factor at temperature Τ and a(k)=N-1 )^ exp(-ikTi)£ exp(ikTj)|. (2) Here < > denotes the ensemble average over the ionic positions r; and rj. Wj(k) is the Debye-Waller facta· Wr(k)= 
Thus if the structure factor at any temperature Tj is known, then the structure factor at the desired temperature T2 can be calculated using Eq. 6.
The only unknown quantity in Eqs. 3 and 6 is the characteristic temperature ©d. which has the same significance as the Debye temperature in solid and amorphous phases. Obviously Θο represents the character of atomic motions in the liquid phase and is assumed to be constant over the temperature range of interest For want of better knowledge on Θβ for liquid metals, they treated it as a parameter and fixed it with the help of Eqs. 3 and 6 to obtain the correct height of the principal peak in the structure factor at any given temperature. The values of 0d thus obtained are tabulated in Table 1 and compared with those of solid metals. It is evident from Table 1 that the Θ d of the liquid phase is less than that of the corresponding solid phase.
decreases by about 30% in Na and Zn and by about 40% in Mg and Pb. The maximum deviation occurs in Al, which is around 60%. In this context they drew attention to the fact that the frequency falls by some 40% in going from solid to liquid phase 16/.
The purpose of the present paper is to investigate the entropy of melting and to propose a way of estimating the Debye temperature for liquid metals near the melting points. Liquid phase /l/ c) Calculated entropy of melting using Eq. 20
The observed entropies of melting are generally small compared to the absolute values involved, so it is probably too ambitious to expect any ab initio theory to give good quantitative agreement with experimental results ΠΙ. For the present purposes, we employed the PercusYevick phonon model previously investigated by Omini /8/, although we extended it to include the phononphonon interaction in this work.
In § 2, a brief description of the collective coordinate method initiated by Percus and Yevick 191 will be given. We shall see in § 3 that increase of entropy on melting can be easily calculated from knowledge on observed structural factor data near the melting points. The results for twenty liquid metals are presented together with experimental data. In § 4 discussions will be presented on an early theory formulated by Mott /10/ and finally our conclusion will be presented in § 5.
FORMALISM
Analysis of a classic liquid in terms of the collective coordinate appears to be a useful approach for predicting certain thermodynamic properties of liquid metals /8,11,12/. To a good approximation, a liquid metal can be imagined to have 3N normal modes of density fluctuation form. Thus, the zeroth-order picture is of longitudinal phonons with k vectors occupying an enlarged Debye sphere of radius ko=3 1/3 ko where 1η>=(6π
η being the number density of ions.
By using collective variables, the Hamiltonian of the liquid metal can be given in the following form /13,14/.
The constant is part of the potential energy with no further role to play here; therefore, we subsequently omitted iL Ho consists of the remainder of the potential energy (of standard diagonal quadratic form) plus the diagonal part of the kinetic energy and, therefore, gives the independent phonon form. Hi, the off-diagonal part of the kinetic energy, describes the phonon-phonon interaction. Eisenschitz and Wilford /15/ (see also Toombs /16/) showed how to develop a perturbation method based on the above separation and they obtained an expansion
for the Helmholtz free energy. Here Fo is the standard form for 3N independent phonons and Fj is the leadingorder correction for anharmonicity.
We may now write the entropy as
and
The structure factor a(|k-k'|) has an amplitude varying over (0,2ko) because the 2ko arises when k,k' are of opposite sign and each is of magnitude koFor a given structure factor, it is easy to evaluate the independent phonon frequency /17,18/ given by and χ = fioKkyjfcBT', with a>(k) being the independent phonon frequency as given in Eq. 15. Here and below, summation takes place over the set of 3N vectors which define the normal coordinates given by Ν Pk=X exp(ik rj) .
i=l (11) Eq. 10 is the independent phonon result /8/. Also using Eq. 8 the anharmonic term Si is given by /14/
k.k kk ar the prime on the summation indicating that all terms k=k' are omitted. Angular brackets denote averaging over the unperturbed non-interacting phonon system. Since u.^-replacement of N _1 <pk p_k> by the structure factor, a(k), is consistent, Eq. 12 then becomes The same procedure can be applied in principle to Eq. 14 but in practice (3l n a(k)/31nT) v is not known for any liquid metal. Furthermore, since we can expect Sj" to be numerically smaller than Si', this contribution is neglected bclowt. +This expectation is based on the discussion in Gray et al. /14/ who estimate S1"=0.1N£b for liquid Na. Unfortunately, Si" in the caption for Table 1 has inadvertently been written as S2".
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We can now write the entropy change AS associated with melting as AS =Sii q -S so l (17) where Sijq=So+Si and S so i is the entropy of a solid at the melting temperature. The electronic contribution arising from thermal excitation of the conduction electron must be added for proper evaluation of the total entropy. However, we assume that the density of states at the Fermi level remains unchanged on melting; hence, this contribution cancels out in the evaluation of AS.
EVALUATION OF THE ENTROPY CHANGE ON MELTING
In this work, the observed structure factor data /19/20 are used as the basic input data in the calculations. Such structure factors must always be known with good accuracy, especially in the longer Table 2 Debye temperature θβ corresponding to solid and liquid alkali metals
Metal
Melting point Table 2 and Table 3 together with experimental values. One can see from these tables that theory is in close agreement with experiment for alkali metals. Table 3 Debye temperature θρ corresponding to solid and liquid metals. 
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As
from /21/ For polyvalent and other medals, the degree of agreement is not so good as that for alkalis, but is satisfactory, except for Zn, in view of the approximations and small quantities involved. However, it has to be mentioned at this point that S]i q was calculated by using the structure factor data measured at the temperatures (given in the tables) which are a little higher than the melting points. This was done because no experimental data at the melting points are available for the present purposes.
DISCUSSIONS
In relation to the results presented in § 3, we recall early theory formulated by Mott /10/ and well-paraphrased by Faber /6/. Mott observed that the thermal entropy of an Einstein solid is given in terms of its characteristic vibration frequency, V s , by the formula 
AS3NkBln(Vs/VL), (20) where VL is the characteristic vibration frequency in the liquid phase. An entropy increase of order Nytg, therefore, can be explained by the hypothesis that V falls by some 40% in going from the solid to the liquid phase /1,8/. In support of this hypothesis, it was noted that the electrical resistivity of solid metals at high temperatures /5/ should be proportional to the mean square amplitude of vibration of each ion and hence to V s~2 . Κ this principle can be extended to the liquid phase, one should be able to write where Pl/Ps stands for the ratio of the electrical resistivity on melting.
Therefore we need to know how to estimate the characteristic vibration frequency Vl °f liquid metals. As we mentioned in § 1, Sinha et al. /I/ determined it with the help of Eqs. 3 and 6 to obtain the correct height of the principal peak in the structure factor at any given temperature. Mott, on the other hand, determined the ratio of Vl to V s from the observed latent heat and the melting point. In the context of the present work, Vl should be taken from the independent-phonon frequency formula, Eq. 15, corresponding to the conventional Debye wave-number kp. Thus, the Debye temperature
Comparison of calculated entropies of melting for the twenty metals.
(AS/N*B) 
CONCLUSION
The Pcrcus-Yevick phonon approach and Debye's theory on the solid successfully explain the observed entropies of melting for a variety of metals. A satisfactory description of the same quantities is possible using Mott's formula, provided the characteristic vibration frequencies for liquid metals arc choscn with sufficient care. In terms of numerical accuracy there seems to be little to choose between the two methods on the results available. For this reason we would like to conclude that the characteristic temperature estimated from the independent-phonon frequency corresponding to the wavenumber ko is a better choice as the Dcbyc temperature for liquid metals. 
